Louis, MO. &dquo;Tlte tendency of children to improve coordination and futtction with incrensirzg age must be distinguished from the effect of treatment.&dquo; , ; -R. S. Paine' Dr Peacock's review in this issue of the Journal (pp 179-185) of the use of dorsal rhizotomy for the treatment of children afflicted with cerebral palsy asserts that this procedure produces long-term benefits in selected patients with this affliction. We wish to consider the premises and concepts underlying this procedure and the evidence for its efficacy. We shall deal with the several claims seriatim.
Louis, MO. &dquo;Tlte tendency of children to improve coordination and futtction with incrensirzg age must be distinguished from the effect of treatment.&dquo; , ; -R. S. Paine' Dr Peacock's review in this issue of the Journal (pp 179-185) of the use of dorsal rhizotomy for the treatment of children afflicted with cerebral palsy asserts that this procedure produces long-term benefits in selected patients with this affliction. We wish to consider the premises and concepts underlying this procedure and the evidence for its efficacy. We shall deal with the several claims seriatim.
The Disability of Cerebral Palsy is Largely, If Not Entirely, Mediated by the Abnormal Phenomenon of Increased Motor Reflex Excitability Called Spasticity. As a scientific description, cerebral palsy is a very inadequate term that subsumes all perinatal or earlyacquired postnatal brain lesions affecting motor performance. However, the clinical picture usually results from lesions that are generally located in the forebrain, especially in the periventricular and central sulcal regions. But basal ganglia, thalami, and brain stem may be involved. In both children and adults, gross lesions of the forebrain are associated with the so-called upper motor neuron (UMN) syndrome, a terminology originating with Gowers over a century ago.2 At about the same time Jackson3-5 promoted the concept that interacting components of the central nervous system respond to lesions with a combination of positive and negative symp-toms. In the UMN syndrome, the most sensitive indicators of disability are the negative symptoms, loss of dexterity and fine motor control, especially of the distal portions of the limbs and of the mouth. Greater impairment produces functional weakness for purposeful tasks.
Spasticity is the most conspicuous positive sign of the UMN syndrome and is produced by an exaggeration of stretch reflexes. These are characterized by both phasic and tonic contractions of muscle in response to afferent input from muscle stretch receptors. Spasticity seen clinically is analogous to the hyperexcitability of stretch reflexes shown in decerebrate animals by Sherrington.6 Another positive symptom in the UMN syndrome is hyperactivity of certain polysynaptic, especially nociceptive, reflexes. These include the extensor plantar (Babinski) . reflex and flexor and adductor spasms of the lower extremities.
Many lines of evidence indicate that the mechanisms of the positive and negative phenomena are dissociated. Most obvious are the variations in the severity of spasticity and motor disability in relation to acute and chronic lesions and recovery therefrom.
In patients who have both negative symptoms and positive signs, local anesthetic block of fusimotor efferent and small afferent fibers can abolish stretch reflex manifestations without loss of strength. But there is no improvement in motor performance or dexterity. 4,7
Sahrmann and Norton8 analyzed agonist and antagonist electromyograms during tasks requiring rapid elbow movement. Normal subjects moving as fast as possible could elicit the equivalent of a tendon jerk, a small phasic stretch reflex in the flexors following the rapid onset of extensor contraction. But in patients with UMN syndrome, movement was much slower and the electromyogram showed that the primary agonist recruited slowly. With movement reversal initiated by slow recruitment in the antagonist, there was decreasing but persistent cocontraction in the prime mover. Partially overlapping cocontraction persisted with repetition, but these workers could not demonstrate any impairment of movement resulting from stretch reflexes in antagonists. Other authors have discovered less severely afflicted patients who were able to produce phasic movement with sufficient speed to evoke an antagonist stretch reflex like that seen in controls.9,10 But during most ordinary useful movements, such effects are not observed. There are unusual situations in which exaggerated stretch reflexes are clearly symptomatic, eg, the patient develops spontaneous ankle clonus when he steps on the brake pedal of his automobile. Even in such patients, however, the exaggerated ankle stretch reflex practically never produces hopping clonus during walking. The more severe the symptoms, the less likely is the stretch hyperreflexia to be a major cause of the motor disability.
. The most detailed experimental study of the UMN syndrome associated with cortical lesions in primates was that of Denny-Brown and Botterell.l' They carefully followed the course of individual monkeys for long periods after lesions of different size in the motor cortex. Stretch hyperreflexia developed and disappeared sooner with smaller lesions, an observation later confirmed in humans by Twitchell.'z Severity and duration of spastic phenomena, never as severe as in humans, were functions of the volume of tissue ablated. Although the degree of paresis followed the size of the cortical lesion, its severity also varied with the behavioral setting. They emphasized, &dquo;Such paralysis is a depression of all motor function which is relative in degrees which can be graded in terms of emotional drive and complexity of integration with general motor behavior rather than in terms of specific muscles or categories of movement.&dquo; They were also unable to confirm a once-popular idea that there is a center for spasticity in the medial prefrontal motor cortex. Also in the monkey, Lawrence and Kuypers'3,~4 carefully monitored motor performance following precise lesions of the medullary pyramidal tract and also of medial and lateral brain stem descending motor pathways. They concluded that fine distal limb performance is especially dependent on the pyramidal tract and the lateral brain-stem pathways. By contrast, interruption of ventral medial pathways resulted in trunk and proximal extremity impairment. They were impressed by the lack of development of positive signs of spasticity in any of their preparations.
Pharmacologic depression of spasticity has been obtained in humans by central nervous systemactive agents like baclofen and diazepam, and by the direct muscle contraction blocker, dantrolene, which weakens both reflex and purposeful muscle contraction. Yet none of these agents has ever been shown by' measurement to improve functional motor performance.5,15-19 Baclofen has been shown to be an effec-. tive agent in the reduction of flexor spasms,l'·zo-zz but patients afflicted with flexor spasms are usually . also so To what extent are any functional impairments of children with cerebral palsy due to spasticity? This is not clear. The claim that in patients with spastic diplegia 28 there is a spinal &dquo;short-circuit&dquo; resulting in simultaneous excitation of both agonist (triceps surae) and antagonist (tibialis anterior) does not rest on convincing evidence. 21 If such &dquo;reciprocal excitation&dquo; did exist, one would expect it to diminish the ankle jerk which, in fact, is exceptionally strong in patients with spastic diplegia. The claim that such instantaneous reciprocal excitation exists in normal infants&dquo; is also open to question, for babies do move their legs quite effectively. Observations in developing chick 31 show that activity of agonists is accompanied by coordinated inhibition of antagonists from the time movement begins. Reciprocal excitation and inhibition are also well developed in the neonatal rat.3z It must be emphasized, of course, that reciprocal innervation is not an all-or-none phenomenon. Cocontractions of agonists and antagonists, partly offset in time and contraction pattern, are observed in most coordinated limb movements.6
Our understanding of the reflex organization of the spinal cord and oft the motor pathways from higher levels of the central nervous system in normal. vertebrates is far from complete. In papers on the use of rhizotomy in cerebral palsy, fragments of what is known from animal work have been applied, along with the specious concept of &dquo;primitive&dquo; behavior,33 to produce a fictional rationale for the procedure. The data cited do not relate directly to humans. We can find no evidence to support the view that spasticity, per se, makes a significant contribution to the range of motor disabilities of the UMN syndrome, regardless of the age of the patient at the onset of the lesion. 18,19,34,35 . ..
Cerebral Palsy is a Static Encephalopathy;
Disability is Fixed and Permanent Unless a Remedy is Applied.
As the normal brain grows and matures, motor skills evolve throughout childhood, most dramatically during the first decade. In cerebral palsy, the lesions become no worse and the undamaged brain survives and evolves. In none of the papers on rhizotomy have the authors provided any data, systematic or otherwise regarding their direct observations on the natural course of motor performance development in patients who are not operated on. Neurologists who have observed cerebral palsy patients for extended periods find that both motor and intellectual &dquo; performance do improve throughout childhood, albeit at a slower-than-normal pace.l·3b In fact, some young children found to be mildly affected with spastic diplegia become indistinguishable from their normal peers as they grow up. The scientific and ethical onus is on rhizotomy advocates to provide convincing control data. These are, of course, the very children who do best without any treatment. In the absence of any control group of patients not subject to rhizotomy but otherwise treated identically, or even of longitudinal control observations .on the individual patient subject to surgery, the alleged benefits of root section have to be viewed with skepticism. ' It Is of Critical Importance That Rhizotomy Patients Have Intensive Physical Therapy and Support For Several Years After Surgery, as . Their Progress Requires. Certain enthusiastic and dedicated sects of physical therapy have claimed that, by special modes of relearning motor skills, the spasticity of cerebral palsied children can be diminished and motor performance improved. Unfortunately, there are no objective data on which to base such a conclusion.3'·3',3$ Neverthe-less, it is likely that the emotional and motivational support provided by physical therapy may be beneficial to the afflicted child and family.
The strongest evidence to support the effectiveness of rhizotomy comes from testimonials of patients, treatment personnel, and families involved in long-term care.39 From earlier surgical experience, there are no parallel follow-up data regarding status in adulthood. Peacock and others agree that in many patients lumbar dorsal rhizotomy causes very helpful improvement of upper extremity motor coordination, swallowing, speech, and language. This is &dquo;ex-plained&dquo; by some hypothetical collateral connections projecting up the spinal cord from the operated region. Unfortunately, in the absence of control data, it is hard to draw an objective conclusion that these improvements result from surgical intervention rather than just growing up. Spasticity Seldom Recurs, and Patients Do ,.~Vof Suffer Any Functional Sensory Deficit.
Spasticity that has diminished in an untreated patient with spastic diplegia does not recur, and there is no reason to expect it to do so after rhizotomy. Unless there is postoperative tissue reaction at the operative site, one would not expect sensory deficits to increase.
While it is alleged that patients do not suffer any functional sensory deficit following rhizotomy, it is clear that a large number of sensory receptors must be denervated when 25% to 80% of the dorsal rootlets are sectioned. Evidently, the methods used to detect sensory loss in children have been relatively crude. The sensory loss may not be debilitating, particularly if the sectioning of dorsal rootlets is well distributed. Some of the earlier enthusiasm for dorsal rhizotomy diminished because of the problem of sensory loss The Operation is Safe and Free of Significant Mortality and Morbidity; It Is Cost Effective. Foerster 41 reported a mortality of six patients in a series of 88 dorsal rhizotomies. Modern publications do not mention any mortality, and only one recent publication gives details about perioperative morbid-,. ity.42-They report several varieties of respiratory complications, ileus, and urinary retention. Several authors mention problems with spinal fluid leaks, complaints of dysesthesias, &dquo;weakness,&dquo; and &dquo;hypotonia.&dquo; , Although the long-term risk of scoliosis is mentioned in passing, its incidence and severity are unknown. Nor is there any information in regard to the possibility of impaired sexual function or the development of neuropathic (Charcot) arthropathy. In American medical centers, the cost of hospitalization, surgery, and immediate and convalescent intensive postoperative care ranges from $25,000 to $100,000. In view of the immense number of potential candidates for this operation, the societal as well as the family financial burden can be very signifi- There is no known scientific basis for this method of rootlet selection. We could find no record of anyone even exploring the existence of stability of the good rootlet/bad rootlet hypothesis in the decerebrate cat. One article43 described the use of the electrical stimulus/electromyographic recording technique on normal rootlets at the time of operation for lumbar disk.
(This seems peculiar since the latter operation is done extradurally, and reflexes are typically depressed.)
One would have to assume that there exists a segregation of sensory axons from given types of receptors or of axons with a particular distribution of central connections into discrete rootlets. Apart from a regional distribution, based on dermatomal and somatotopic organization, or the separation of different types of sensory axons near root entry, there is no reason to suspect a segregation among the millions of dorsal root axons at the level of the cauda equina. If the electrical method of selection is effective, it should be possible to demonstrate this by objective comparison of this technique as compared to simply cutting an equivalent number of dorsal root axons at random. Largely because of the technique of rootlet selection, the rhizotomy procedure under general anesthesia may last as long as 8 to 10 hours. Summary on close examination of the available data, we conclude that convincing evidence of the efficacy of dorsal rhizotomy for improving motor function in cerebral palsy has yet to be shown, in spite of the fact that the operation has been used, with some variations in technique, for over 80 years. It is a procedure that is demanding of patient, family, and a large professional staff. While it does not entail a large operative risk, it must be uncomfortable during the acute and immediate recovery phases. Longterm complications and disabilities are unknown. Furthermore, at a time of soaring health costs, it is expensive. To justify its use will require carefully controlled and persuasive objective evidence of its benefits.
